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1 INT RODUCT ION 
Sol a r  X X I bui l di ng i s  a  pr ot ot ype  of  l ow e ne r gy of f i c e  bui l di ng l oc a t e d i n Li s bon ( 38º 46’ N, 
9º 11’ W )  whe r e  pa s s i ve  a nd a c t i ve  s ol a r  s t r a t e gi e s  ha ve  be e n a ppl i e d t o r e duc e  t he  us e  of  e ne r gy 
f or  he a t i ng, c ool i ng a nd l i ght i ng, c ombi ni ng a l s o a n e xt e ns i ve  phot ovol t a i c  ( PV )  f a ç a de  f or  
e l e c t r i c i t y pr oduc t i on ( Rodr i gue s  e t  a l . 2008) . 
Li s bon c l i ma t e  i s  c ha r a c t e r i ze d by mont hl y a ve r a ge  t e mpe r a t ur e s  t ha t  s wi ng be t we e n 10.6º C 
f or  t he  c ol de s t  mont h ( J a nua r y)  a nd 22.6º C f or  t he  hot t e s t  ( Augus t ) . Dur i ng s umme r  s ol a r  r a di a -
t i on i s  hi gh, mor e  t ha n 6.5 kW h/ m 2 pe r  da y, a nd ma xi mum a ve r a ge  a i r  t e mpe r a t ur e  i s  a r ound 
28º C;  howe ve r  e xt r e me  va l ue s , a i r  t e mpe r a t ur e s  hi ghe r  t ha n 35º C, c a n be  obs e r ve d dur i ng a  s e -
que nc e  of  da ys . W i nt e r  i s  l e s s  s e ve r e  be c a us e  t he  a ve r a ge  mi ni mum t e mpe r a t ur e  i s  be t we e n 8 
a nd 10º C a nd pr e c i pi t a t i on da ys  a r e  not  f r e que nt . 
Sol a r  X X I wa s  bui l t  i n 2006 a nd i t  ha s  be e n i nt e ns i ve l y moni t or e d e ve r  s i nc e  ( Gonç a l ve s  e t  
a l . 2008) . It  i s  c ons i de r e d a  hi gh e f f i c i e nt  bui l di ng, c l os e  t o a  ne t  ze r o e ne r gy bui l di ng ( NZEB) , 
be c a us e  t he  di f f e r e nc e  be t we e n t he  e ne r gy c ons ume d a nd t ha t  pr oduc e d i s  1/ 10t h of  t he  e ne r gy 
c ons ume d by a  s t a nda r d of f i c e  bui l di ng. Sol a r  X X I bui l di ng de s i gn i nc l ude s  a  l a r ge  numbe r  of  
e ne r gy e f f i c i e nt  c onc e pt s , s uc h a s  a  hi gh i ns ul a t e d e nve l ope , s out h s un e xpos ur e , wi ndows  
s ha di ng, gr ound c ool i ng or  s t r a t i f i c a t i on a nd c r os s  ve nt i l a t i on. 
Cons i de r i ng t ha t  Sol a r  X X I’ s  de s i gn i s  ba s e d on t he  c onc e pt  of  i nt e gr a t i ng pa s s i ve  s ol a r  
s t r a t e gi e s  f or  he a t i ng a nd c ool i ng i n a  s i ngl e  bui l di ng, i n t hi s  pa pe r , s uc h i nt e gr a t i on i s  e xpl or e d 
a nd a na l yze d i n or de r  t o a s s e s s  i f  t he  r e s ul t s  obt a i ne d s o f a r  c ons t i t ut e  a  pr oof -of -c onc e pt , or  
e l s e  f ur t he r  r e s e a r c h i s  r e qui r e d t o i mpr ove  i t . 
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ABST RACT :  Sol a r  X X I bui l di ng i s  a  pr ot ot ype  of  l ow e ne r gy of f i c e  bui l di ng whe r e  pa s s i ve  
a nd a c t i ve  s ol a r  s t r a t e gi e s  ha ve  be e n a ppl i e d t o r e duc e  t he  us e  of  e ne r gy f or  he a t i ng, c ool i ng 
a nd l i ght i ng, c ombi ni ng a l s o a n e xt e ns i ve  phot ovol t a i c  f a ç a de  f or  e l e c t r i c i t y pr oduc t i on. 
Sol a r  X X I wa s  bui l t  i n 2006 a nd i s  c ons i de r e d a  hi gh e f f i c i e nt  bui l di ng, c l os e  t o a  ne t  ze r o 
e ne r gy bui l di ng ( NZEB) , be c a us e  t he  di f f e r e nc e  be t we e n t he  e ne r gy c ons ume d a nd t ha t  pr o-
duc e d i s  1/ 10t h of  t he  e ne r gy c ons ume d by a  s t a nda r d ne w of f i c e  bui l di ng. It s  de s i gn i nc l ude s  a  
l a r ge  numbe r  of  e ne r gy e f f i c i e nc y c onc e pt s , s uc h a s  a  hi gh i ns ul a t e d e nve l ope , s out h s un e xpo-
s ur e , wi ndows  s ha di ng, gr ound c ool i ng or  s t r a t i f i c a t i on a nd c r os s  ve nt i l a t i on. 
T he  wi ndows  s ol a r  ga i ns  a nd t he  e f f e c t i ve ne s s  of  s ha di ng de vi c e s  we r e  pr ove d c or r e l a t i ng s ol a r  
r a di a t i on, e xt e r na l  a nd i ndoor  a i r  t e mpe r a t ur e s . It  wa s  a l s o ve r i f i e d t ha t  gr ound c ool e d a i r  ha s  a  
t e mpe r a t ur e  c l os e  t o t ha t  t he or e t i c a l  e xpe c t e d. 
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2 SOLAR BUILDING CONCEPT S 
2.1 Direct gain 
Di r e c t  ga i n c onc e pt , a ppl i e d i n s ol a r  bui l di ngs , c ons i s t s  of  e nl a r gi ng wi ndows  a r e a  i n s out h 
f a ç a de  s o t ha t  wi nt e r  s ol a r  e ne r gy i s  e a s i l y c ol l e c t e d dur i ng t he  da yt i me  hour s . In c ool i ng s e a -
s on t he s e  wi ndows  s houl d be  pr ope r l y s ha de d. T hi s  s t r a t e gy i nc l ude s  t he  mi ni mi za t i on of  wi n-
dows  a r e a  i n t he  e a s t , we s t  a nd nor t h f a ç a de s  t o t he  s t r i c t l y ne c e s s a r y i n t e r ms  of  na t ur a l  
l i ght ni ng pr opos e s . 
In t he  Sol a r  X X I bui l di ng, of f i c e s  a r e  s out h or i e nt e d a nd ha ve  l a r ge  wi ndows  pr ovi di ng he a t  
a nd na t ur a l  l i ght  t o t he s e  r ooms  dur i ng he a t i ng s e a s on. Sout h f a ç a de  i s  t ot a l l y c ove r e d by wi n-
dows  a nd PV  pa ne l s  by e qui va l e nt  pr opor t i ons  ( Fi gur e  1) . Ea c h wi ndow a r e a  i s  4.4 m 2  a nd t he  




Figur e  1 .  D i r e c t ga in a nd  P V  p a ne ls in so uth fa ç a d e  o f So la r  X X I  b uild ing.   
 
T he  r e ma i ni ng r ooms  l oc a t e d i n t he  nor t h pa r t  of  t he  bui l di ng, s uc h a s  l a bor a t or i e s , a udi t o-
r i ums , ba t hr ooms  a nd oc c a s i ona l  of f i c e s , c ons t i t ut e  t he  bui l di ng buf f e r  zone . 
Dur i ng wi nt e r  s unny da ys , t he  t ot a l  a mount  of  e ne r gy c ol l e c t e d by e a c h di r e c t  ga i n s ys t e m 
( wi ndow)  i s  a bout  35 M J . Be c a us e  f l oor  i s  a  l i ght  e l e me nt  i n t e r ms  of  t he r ma l  i ne r t i a , a  s ma l l  
pa r t  of  t ha t  e ne r gy i s  s t or e d i n bui l t  e l e me nt s  a nd t he  r e ma i ni ng pa r t  c a us e s  a n i nc r e a s e  of  t he  




Figur e  2 .  Fr o m D e c e mb e r  to  Fe b r ua r y o f 2 0 0 7 ,  2 0 0 8  a nd  2 0 0 9 ,  line a r  c o r r e la tio n o f me a sur e d  d a ily ma x-
imum va lue s o f ( a )  glo b a l so la r  r a d ia tio n a nd  o ffic e  a ir  te mp e r a tur e  a nd  ( b )  e xte r na l a nd  o ffic e  a ir  te mp e r -
a tur e s.  
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Dur i ng a  t hr e e -ye a r  moni t or i ng pe r i od ( 2007-2009) , f r om De c e mbe r  t o Fe br ua r y, da i l y ma x-
i mum va l ue s  of  of f i c e  a i r  t e mpe r a t ur e  a r e  pl ot t e d a ga i ns t  da i l y ma xi mum gl oba l  s ol a r  r a di a t i on 
( Fi g. 2a )  a nd e xt e r na l  a i r  t e mpe r a t ur e  ( Fi g. 2b) . T he  r e s ul t s  s how t ha t , whe n c ompa r e d t o e xt e r -
na l  a i r  t e mpe r a t ur e , gl oba l  s ol a r  r a di a t i on i s  c or r e l a t e d wi t h t he  of f i c e  a i r  t e mpe r a t ur e  a nd s ol a r  
ga i ns  t hr ough wi ndow of f i c e  c ont r i but e  t o a n i nc r e a s e  of  of f i c e  a i r  t e mpe r a t ur e  of  1.2º C f or  
e a c h 100 kW / m 2  of  da i l y ma xi mum gl oba l  s ol a r  r a di a t i on. 
2.2 Thermal insulation 
I n s ol a r  bui l di ngs , t he r ma l  i ns ul a t i on e l e me nt s  a r e  f unda me nt a l  be c a us e  t he y r e duc e  t he r ma l  
e xc ha nge s  by c onduc t i on t r ough e xt e r na l  e nve l ope . T hi s  pr e ve nt i ve  s t r a t e gy i s  us e f ul  i n wi nt e r  
s e a s on by bl oc ki ng he a t  ( s ol a r  ga i ns , i nt e r na l  ga i ns  due  t o oc c upa t i on a nd boi l e r  pr oduc e d)  
f r om l e a vi ng or , i n s umme r  s e a s on, f r om pe ne t r a t i ng. 
Br i c k wa l l s  a r e  e xt e r na l l y i ns ul a t e d by 0.06 m of  e xpa nde d pol ys t yr e ne , t he  r oof  i s  e xt e r na l l y 
i ns ul a t e d wi t h 0.10 m of  e xpa nde d a nd e xt r ude d pol ys t yr e ne  ( 0.05+ 0.05 m)  a nd t he  gr ound 
f l oor  i s  pe r i me t e r l y i ns ul a t e d by 0.10 m of  e xpa nde d pol ys t yr e ne . T he r ma l  br i dge s  a r e  r e duc e d 
i n s pi t e  of  t he  pos i t i on of  i ns ul a t i on e l e me nt s . Doubl e  gl a zi ng i s  a l s o us e d i n or de r  t o r e duc e  
t he r ma l  l os s e s  by wi ndows . 
Cons i de r i ng a l l  t hi s  e l e me nt s , a  gl oba l  U-va l ue  of  1670 W K -1  i s  e s t i ma t e d f or  Sol a r  X X I 
bui l di ng. T he  c ompa c t ne s s  of  Sol a r  X X I bui l di ng, e xpr e s s e d by a  s ha pe  f a c t or  of  0.33 m -1 , i s  a l -
s o a n i mpor t a nt  c ha r a c t e r i s t i c  t o pr e ve nt  t he r ma l  l os s e s . 
2.3 Shading elements 
Dur i ng s umme r  s e a s on, i n s pi t e  of  na t ur a l  l i ght  r e qui r e me nt s , wi ndows  s ha di ng i s  ve r y i mpor -
t a nt  f or  pr e ve nt i ng e xc e s s i ve  s ol a r  ga i ns . Pr e f e r a bl y s ha di ng e l e me nt s  s houl d be  e xt e r na l l y po-
s i t i one d, but  di f f e r e nt  f a ç a de s  r e qui r e  di f f e r e nt  t ype s  of  s ha di ng e l e me nt s . 
In t hi s  bui l di ng, s out h wi ndows  ha ve  movi ng e xt e r na l  bl i nds , ma nua l l y ope r a t e d. W i ndows  
i n ot he r  f a ç a de s  a r e  s ha de d by i nt e r na l  a nd l i ght  r ol l e r  s ha de s . Some  of  t he m, i nc l udi ng r oof  




Figur e  3 .  Fr o m J uly to  Se p te mb e r  o f 2 0 0 7  a nd  2 0 0 8 ,  line a r  c o r r e la tio n o f me a sur e d  d a ily ma ximum va lue s 
o f ( a )  glo b a l so la r  r a d ia tio n a nd  o ffic e  a ir  te mp e r a tur e  a nd  ( b )  e xte r na l a nd  o ffic e  a ir  te mp e r a tur e s.  
 
In s umme r  s e a s on, unl i ke  wi nt e r , r oom t e mpe r a t ur e  i s  mor e  s e ns i t i ve  t o t he  e xt e r na l  t e mpe r a -
t ur e  t ha n t o s ol a r  r a di a t i on a s  Fi gur e  3 s hows . In f a c t , e xt e r na l  a i r  t e mpe r a t ur e  i s  t he  pa r a me t e r  
mos t  c or r e l a t e d wi t h of f i c e  a i r  t e mpe r a t ur e  ( R 2  =  0.55) . T he  f a c t  t ha t  r oom t e mpe r a t ur e  i s  be t t e r  
c or r e l a t e d wi t h e xt e r na l  t e mpe r a t ur e  t ha n t o s ol a r  r a di a t i on s hows  t ha t  ot he r  phe nome na  be s i de s  
s ol a r  ga i ns , s uc h a s  he a t  c onduc t i on a nd i nf i l t r a t i on of  e xt e r na l  a i r , a r e  domi na nt  i n t he  e ne r gy 
ba l a nc e . It  i s  a l s o not e wor t hy t ha t  t he s e  r e s ul t s  s how t ha t  s out h wi ndows  pos i t i on c onj uga t e d 
wi t h s ha di ng de vi c e s  a r e  s uf f i c i e nt l y e f f i c i e nt  f or  ne ut r a l i zi ng t he  s umme r  s ol a r  r a di a t i on.  
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2.4 Ground cooling 
No a i r  c ondi t i oni ng s ys t e m i s  us e d i n Sol a r  X X I bui l di ng;  howe ve r , f or  hot  s umme r  da ys , bui l d-
i ngs  us e r s  c a n “ t ur n on”  t he  gr ound c ool i ng s ys t e m ma ki ng us e  of  t he  gr ound hi gh t he r ma l  i ne r -
t i a . T hi s  s ys t e m c ons i s t s  of  t wo c onc r e t e  pi pe s  f or  e a c h of f i c e  r oom wi t h a  di a me t e r  of  0.30 m 
a nd a  f a n whi c h i ns uf f l a t e s  a i r  i nt o t he  of f i c e . T he  a i r  i s  c ol l e c t e d 15 m f r om t he  bui l di ng, t r a -
ve l s  a t  a  de pt h of  4.6 m a nd i s  f i na l l y f a nne d i nt o t he  of f i c e  r oom a f t e r  c r os s i ng t he  pi pe s  c i r -
c ui t ;  t he  f a n f l ow r a t e  i s  200 m 3 / h. 
Gr ound t e mpe r a t ur e  t hr oughout  t he  ye a r  va r i e s  f r om 13 t o 19º C;  gr ound i s  t he r e f or e  a n e x-
c e l l e nt  c ool i ng s our c e  dur i ng s umme r  s e a s on. Us i ng t he  t he or e t i c a l  f or mul a t i on of  Hol l mul l e r  
( 2003) , f or  t he  s umme r  pe r i od of  Li s bon’ s  c l i ma t e , wi t h a n a ve r a ge  ma xi mum e xt e r na l  t e mpe r a -
t ur e  of  28.9º C, i t  i s  e s t i ma t e d a n a ve r a ge  ma xi mum t e mpe r a t ur e  f or  t he  a i r  e xi t i ng t he  gr ound 
c ool i ng pi pe  s ys t e m ( a i r  i ns uf f l a t e d i nt o t he  r oom)  of  21.5º C, r e pr e s e nt i ng a  de c r e a s e  of  7.4º C. 
Howe ve r , a s  Fi gur e  4 s hows , t hi s  di f f e r e nc e  i nc r e a s e s  wi t h e xt e r na l  a i r  t e mpe r a t ur e , t he r e f or e , 
i n hot  da ys  wi t h a  e xt e r na l  a i r  t e mpe r a t ur e  of  30º C, t he  a i r  c r os s i ng t he  gr ound pi pe s  c a n be  i n-
s uf f l a t e d i nt o t he  r oom a t  22º C. 
T he  c ompa r i s on of  mode l  r e s ul t s  wi t h e xpe r i me nt a l  da t a  i s  c ompr omi s e d by t he  i nt e r mi t t e nt  
us e  of  t he  gr ound c ool i ng s ys t e m. Howe ve r , f or  t he  pe r i od whe r e  f a ns  a r e  t ur ne d on ( s ome  a f -
t e r noon hour s  dur i ng f i ve  s umme r  da ys ) , t he  a i r  i s  i ns uf f l a t e d i nt o t he  r oom a t  a  t e mpe r a t ur e  
c l os e  t o t he  e xpe c t e d by Hol l mul l e r ’ s  t he or e t i c a l  f or mul a t i on, a s  s hown i n Fi gur e  4, whe r e  t he  
t e mpe r a t ur e  di f f e r e nc e  be t we e n e xt e r na l  a nd i ns uf f l a t e d a i r  i s  pl ot t e d a ga i ns t  da i l y ma xi mum 




Figur e  4 .  D iffe r e nc e  b e twe e n d a ily ma ximum e xte r na l a ir  te mp e r a tur e  a nd  c a lc ula te d  d a ily ma ximum 
te mp e r a tur e  o f the  a ir  e xiting the  gr o und  c o o ling syste m a ga inst d a ily ma ximum e xte r na l a ir  te mp e r a tur e  
using a  fo ur  mo nth p e r io d  o f Lisb o n c lima te  ( the o r e tic a l)  a nd  so me  mo nito r ing d a ys ( e xp e r ime nta l) .  
 
2.5 Stratification 
In t he  mi ddl e  of  t he  bui l di ng, t he r e  i s  a  t hr e e -f l oor  a t r i um wi t h t he  doubl e  f unc t i on of  na t ur a l  
l i ght i ng a nd a i r  e xha us t i ng f or  c i r c ul a t i on a r e a s . As  t he  a t r i um c ommuni c a t e s  wi t h t he  of f i c e  
r oom, t he  a i r  i s  na t ur a l l y e xha us t e d f r om t he  l owe r  t o t he  uppe r  f l oor  a s  we l l  a s  f r om t he  of f i c e  
t o t he  c i r c ul a t i on a r e a s . Dur i ng s umme r , s kyl i ght s  ope ni ng c a us e  t he  hot  a i r  e xha us t i on f r om 
t he  bui l di ng. 
An a i r  t e mpe r a t ur e  gr a di e nt  i s  e xpe c t e d i n t he  a t r i um, wi t h hi ghe r  t e mpe r a t ur e s  i n t he  uppe r  
f l oor s . Dur i ng s umme r  a nd wi nt e r  pe r i ods , t he  t hr e e  f l oor s  a i r  t e mpe r a t ur e s  we r e  me a s ur e d a nd 
di f f e r e nc e s  be t we e n f l oor s  a r e  pr e s e nt e d i n Fi gur e  5, t a ki ng a s  r e f e r e nc e  t he  gr ound f l oor . 
In t he  f i r s t  a nd s e c ond f l oor s  t he  gr a di e nt  i s  a l wa ys  pos i t i ve  f or  bot h s e a s ons . Dur i ng wi nt e r , 
t he  a i r  t e mpe r a t ur e  i n t he  f i r s t  f l oor  i s  1 or  2º C hi ghe r  t ha n t he  gr ound f l oor . In t he  s e c ond f l oor  
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t he  gr a di e nt  i s  hi ghe r , wi t h di f f e r e nc e s  a r ound 2 a nd 4º C. For  bot h f l oor s , dur i ng ni ght  pe r i od, 
di f f e r e nc e s  a r e  s ma l l e r  a nd l e s s  t ha n 1º C ( not  obs e r ve d i n Fi gur e  5) . 
Dur i ng s umme r , de s pi t e  s ome  f e w e xc e pt i ons  whe r e  di f f e r e nc e s  a r e  ve r y s ma l l , t he  t e mpe r a -
t ur e  gr a di e nt  obs e r ve d ha s  va l ue s  c l os e  t o t hos e  me a s ur e d i n wi nt e r . T he r e f or e , f r om t he s e  r e -
s ul t s  i t  c a n be  c onc l ude d t ha t  s t r a t i f i c a t i on of  t he  a i r  i ns i de  t he  a t r i um i s  ve r i f i e d f or  bot h pe -




Figur e  5 .  D a ily ma ximum a ir  te mp e r a tur e  d iffe r e nc e s b e twe e n ( a )  fir st a nd  gr o und  flo o r s a nd  ( b )  se c o nd  
a nd  gr o und  f lo o r s.  
3 ENERGY CONSUM PT ION 
3.1 Final energy use 
S ol a r  X X I us e s  na t ur a l  ga s  f or  he a t i ng a nd e l e c t r i c i t y f or  of f i c e  e qui pme nt s  a nd l i ght ni ng. Es -
t i ma t i ons  ba s e d on i nqui r y a nd s i mul a t i ons  i ndi c a t e  t ha t  69%  i s  us e d i n of f i c e  e qui pme nt s  
( c omput e r s , pr i nt e r s , phot oc opi e r s  a nd f a x ma c hi ne s ) , 19%  i n l i ght ni ng a nd 13%  f or  he a t i ng 
( na t ur a l  ga s  boi l e r ) . T he s e  pe r c e nt a ge s  r e f e r  t o pr i ma r y e ne r gy us e . It  i s  i mpor t a nt  t o e mpha s i ze  
t ha t  l i ght i ng us e  woul d be  muc h hi ghe r  i n a  s t a nda r d of f i c e  bui l di ng wi t hout  na t ur a l  l i ght i ng 
s t r a t e gi e s . In f a c t , be s i de s  s ome  da r ke r  da ys  or  l a t e  hour s , s out h of f i c e s  a nd i ndoor  c i r c ul a t i ons  
r a r e l y ne e d e l e c t r i c  l i ght i ng. Phot ovol t a i c  pa ne l s  i nt e gr a t e d i n t he  s out h f a ç a de  a nd pa r ki ng 
a r e a s  pr oduc e  a bout  12 M W h/ ye a r  whi c h i s  a bout  67%  of  t he  pr i ma r y e ne r gy a nd 70%  of  t ot a l  
e l e c t r i c i t y us e d i n t he  bui l di ng. 
T he  a bove  f i gur e s  r e s ul t  on a n e ne r gy e f f i c i e nt  i nde x ( IEE i n Por t ugue s e  l e gi s l a t i on)  of  
2.5 kgoe / ( m 2 .ye a r )  whi c h i s  a bout  1/ 10 th  t he  t ot a l  us e  of  e ne r gy of  a  s t a nda r d ne w of f i c e  bui l d-
i ng. Sol a r  X X I  i s  t he r e f or e  a  hi gh e ne r gy-e f f i c i e nt  bui l di ng c l os e  t o a  ne t  ze r o e ne r gy bui l di ng 
( NZEB) , be c a us e  of  t he  ve r y s ma l l  di f f e r e nc e  be t we e n t he  e ne r gy c ons ume d a nd t ha t  pr oduc e d. 
4 FINAL REM ARK S 
Sol a r  X X I bui l di ng i s  oc c upi e d s i nc e  t he  be gi nni ng of  2006. T he  t hr e e  ye a r  ut i l i za t i on a nd 
moni t or i ng ma de  pos s i bl e  t o ma ke  a  f i r s t  pr oof  of  t he  c onc e pt s  whi c h s us t a i n t he  bui l di ng de -
s i gn. Sout h f a ç a de  i s  e qua l l y di vi de d i nt o di r e c t  ga i n s ys t e ms  a nd phot ovol t a i c  pa ne l s  f or  e l e c -
t r i c i t y pr oduc t i on. T he  wi ndows  of  t he  of f i c e  r ooms  c ont r i but e  wi t h s ol a r  ga i ns  dur i ng wi nt e r  
s unny da ys , a s  t he  c or r e l a t i on be t we e n s ol a r  r a di a t i on a nd i ndoor  a i r  t e mpe r a t ur e  s howe d. T he  
e f f e c t i ve ne s s  of  s ha di ng de vi c e s  i s  a l s o pr ove d by t he  c or r e l a t i on be t we e n e xt e r na l  a nd i ndoor  
a i r  t e mpe r a t ur e , i ns t e a d of  s ol a r  r a di a t i on. 
Chapter 6: Case-studies
805
Be s i de s  t he  s ma l l  a mount  of  moni t or i ng da ys  whe r e  gr ound c ool i ng s ys t e m wor ke d, i t  wa s  
ve r i f i e d t ha t  t he  a i r  i ns uf f l a t e d i nt o t he  r oom ha s  a  t e mpe r a t ur e  c l os e  t o t he  t he or e t i c a l  pr e di c t e d 
by Hol l mul l e r ’ s  ( 2003)  mode l . 
In t e r ms  of  e ne r gy ba l a nc e , t hi s  bui l di ng i s  a n e xa mpl e  of  a  l ow e ne r gy bui l di ng, c ons umi ng 
a bout  1/ 10 th  of  a  s t a nda r d ne w of f i c e  bui l di ng, a c c or di ng t o Por t ugue s e  l e gi s l a t i on. 
Fut ur e  moni t or i ng s houl d be  or i e nt a t e d f or  t he  gr ound c ool i ng f unc t i oni ng i n or de r  t o ha ve  a  
mor e  a c c ur a t e  a s s e s s me nt  of  i t s  e f f e c t i ve ne s s  on r e movi ng he a t  f r om t he  of f i c e s , a s  we l l  a s  t he  
opt i mi ze d s c he dul e s . 
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